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SOLDER-BEARING WAFER FOR USE IN 
SOLDERING OPERATIONS 



5 FIELD OF THE INVENTION 

The present invention relates to the field of devices for joining 
connectors or other electrical components to one another and, more particularly, to a 
method and apparatus for facilitating the soldering of first electronic devices, such as 
connectors, to second electronic devices, such as printed circuit boards, 

10 

BACKGROUND OF THE LWENTION 

It is often necessarj^ and desirable to electrically connect one 
component to 

another component. For example, a multi-terminal component, such as a connector, is 
1 5 often electrically comiected to a substrate, such as a printed circuit board, so that the 
terminals of the component are securely attached to contact pads formed on the 
substrate to provide an electrical connection therebetween. One preferred teclmique 
for securely attaching the component temiinals to the contact pads is to use a solder 
material around a particular area, such as a hole, which tj'pically receives one 
20 component temiinal. Often, the component terminals may be in the form of 

conductive pins which are recei\xd witliin the holes formed in the substrate. The 
solder material, e.g., solder paste, is generally applied aroimd each contact hole and 
then heated after the conductive pin is received ^^'ithin and extends through the contact 
hole. The heating of the solder paste causes the solder paste to flow around the 
25 conductive pin and the contact hole. The cooling of the solder paste rcsuhs in the 
conducti\'e pin being securely attached to one of the contact pads foniied on the 
substrate. 

WTiile the use of solder paste is effectix e in some applications, there 
are a number of applications in which the use of solder paste is not desirable due to a 
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number of faCors, mcluding but .0. limited to the design of both the component 
terminals and the substrate itself. In addition, the use ofsolder paste generally does 
no. provide a sufficient volume of solder to properly join the component temnnals and 
the contact pads. 

5 One alternative approach to the use of solder paste is descnbed m U.S. 

Patent No. 5,875,546. which is assigned to the assignee hereof and which is 
incorporated by reference in its entirety. The device set forth in this reference 
comprises an array of solder-holding clips which is readUy applied manually or by 
automation to a corresponding array of comrector or other component termmals. The 

10 elipsaxetypicallyformedbyadiestampmgoperationwhichr^ultsinanincreasem 

cost and complexity of the overall soldering operation. 

It is therefore desirable to provide an alternative device and method for 

applying solder to connectors or the Uke. 

15 sralMARY OF THE INVENTION 

According to a first embodunent, a solder-bearmg wafer .s provided 
for use in a soldering operation. The solder-bearing wafer is designed to provide a 
solder material which is used in a soldering operation for electrically connecting a first 
electronic device to a second electronic device. The solder-bearing wafer may be 
20 formed of a number of materials and preferably, dre solder-bearing wafer is fomred of 
anon-conducrive material. For example, fte solder-bearing wafer maybe formed of a 
themroplasUc, a thermose. plastic, etc. The solder-bearing wafer has a plurahty of 
through holes formed therethrough to facilitate the soldering of electrical tennmals or 
contacts of the first electronic device, one exemplary embodiment, the elechrcaj 
,5 terminals or contacts comprise pins which extend outwardly ftom the first component. 
Preferably, the first electronic device comprises an electronic comrector and the 
second electronic device comprises a printed circuit board. 

Typically, the contacts of the first electronic device comprise 
conductive pins. The pms of .he first electronic device are usually arranged in some 
30 type of pattern across the surface of the first electronic device. For example, a 

traditional first electronic device may have a number of rows and columns of pms 
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which are designed to provide a method of electrically connecting terminals of the 
first electronic device to electrical contacts disposed within the second electronic 
device, e.g., a printed circuit board. Accordingly, the wafer includes pin holes whose 
location and spacing correspond to the location and spacing of the pins of the first 
electronic device. This permits the wafer to mate with the first electi'onic device such 
that the pins are received witliin and extend through the pin holes of the wafer. The 
wafer is thus disposed between the first and second electronic devices. 

According to the present invention, the wafer also includes a plurality 
of through holes formed therethrough. The througli holes are formed in rov^'S on either 
side of each pin hole. The wafer further includes grooves mnning parallel to, and 
above and below, each row of pin holes. The length of each of the grooves is 
intersected at evenly spaced inter\'als by the through holes. Preferably and according 
to this one exemplar>^ embodiment, the grooves are formed on only a single surface of 
the wafer. 

A length of solder mass wliich generally conforms to the shape of one 
groove is secured in one of the grooves. In other words, the solder length is laid 
within the groove. Because there are a multiplicity of grooves, there are also a 
multiplicity of solder lengths extending across the surface of the wafer. A press or die 
thereafter severs the solder lengths at each through hole. At this point, the wafer 
contains pin holes having a solder segment located above and below each pin hole. 
Preferably, the solder segments are disposed between the next adjacent through holes. 

The pin heads of the first electronic device are thereafter inserted into 
the pin holes of the w^afer such that the pins emerge on the side of the wafer bearing 
the solder segments. The side of the wafer bearing the solder segments is then placed 
against a printed circuit board and the solder is heated and reflows thus securing the 
electronic device to the printed circuit board. The wafer remains disposed between 
the securely attached first electronic device and the printed circuit board. This first 
application of the present invention involves tlic use of the present solder-bearing 
wafer with through hole devices, such as the previously-described printed circuit 
board. Through hole devices are those devices which include a number of holes 
formed therethrough for receiving another conductive member, such as conductive 
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pins. It will be appreciated that the wafer may be used with a number of other through 
hole devices besides printed circuit boards. 

According to another embodiment of the present invention, the first 
electronic device, e.g., a connector, may have the solder holding features of the wafer 

5 incorporated directly into the design of the first electronic device, hi this instance, a 
pluraUty of solder grooves are formed in a surface of the first electronic device so that 
rows of the conductive pins are disposed between a first groove row and a second 
groove row. It will be appreciated that this surface is preferably formed of a non 
conductive material, e.g., a thermoplastic material, wliich permits the grooves to be 

10 easily formed therein. Solder material is deposited into each solder groove resulting 
in each pin having one solder segment on one side thereof and another solder segment 
on an opposite side thereof. Similar to the first embodiment, the formation of grooves 
serves to lunit and define the amount of solder material which is used for the 
soldering of one pinto arespective surface of the second electronic device. Tliis 

1 5 reduces or eliminates the risk that a single large mass of solder will result when the 

solder segments are heated and reflow. hi this embodiment, the first electronic device 
incorporates the attributes of the wafer of the first embodiment and therefore it is not 
necessary to use the wafer to provide solder material for the soldering of the two 
devices. 

20 While the first two embodiments of the wafer are intended for use 

when the second electronic device is a through hole type device, another embodiment 
of the wafer of the present invention is mtended for use in surface mount type 
appUcations. In these appUcations, planar contacts of the first electronic device are 
generally disposed flush against a planar contact surface of the second electronic 

25 device to produce an electrical connection therebetween. For example, the fu-st 

electronic device may comprise a connector referred to as a straddle mount device in 
which contacts in the form of fingers seat against respective contact pads formed in 
the second electronic device, hi this embodiment, the wafer also includes solder 
lengths provided in respective and complementary grooves formed in the wafer. The 

30 solder lengths are severed to form distinct solder segments where one or more solder 
segments are for the soldering of one contact to one contact pad. 
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The wafer is disposed against the first electronic device and more 
specifically, the wafer extends across the contact fingers thereof such that one or more 
of the solder segments are disposed over one contact finger. Accordingly, the heating 
of the solder segments causes the refl owing thereof and because the contacts are 
5 preferably fonned of a solderable material, the contacts are securely soldered to the 
respective contact pads providing a secure electrical connection between the first and 
second electronic devices. Because the wafer includes through holes as in the first 
embodiment, the solder lengths are severed into the solder segments and therefore a 
predefined amount of solder material is used in the soldering of one contact to one 
10 contact pad. 

This embodiment of the wafer of the present invention provides a 
wafer which may be used in a variety of surface mount applications. For example, not 
only may the wafer be used to electrically connect a straddle mount device to a printed 
circuit board, it may also be used in applications where it is necessary to electrically 
15 connect one planar surface to another planar surface of another electronic device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Objects and features of the present invention will be described 
hereinafter in detail by way of certain preferred embodiments with reference to the 
20 accompanying drawings, in which: 

FIG. 1 is a top perspective view of a wafer with pin holes located 

theretlirough; 

FIG. 2 is a side perspective view of the w^afer of FIG. 1; 
FIG. 3 is a top view of the wafer of FIG. 1 additionally having solder- 
25 holding grooves formed thereon; 

FIG. 4 is a top view of the wafer of FIG. 3 additionally having thi-ough 
holes located theretlirough; 

FIG. 5 is a cross section view of the wafer of FIG. 4 taken along line 5- 

5; 

30 FIG. 6 is a top view of the wafer of FIG. 5 wherein the solder-holding 

lengths have been partitioned; 



• 
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FIG. 7 is a side view of the wafer of FIG. 6 having the pins of an 
electronic device placed through the respective pin holes of the wafer; 

FIG. 8 is a bottom plan view of one exemplary electrical connector 
according to one embodiment of the present invention; 
5 FIG. 9 is a top view of a wafer according to a second embodiment m 

which solder lengths are disposed within solder-holding grooves formed in the wafer; 

FIG. 10 is a top plan view of the wafer of FIG. 9 wherein the solder 

lengths have been partitioned; 

FIG. 11 is a side view of an assembly formed of a first electronic 
10 device coupled to a second electronic device with two wafers of FIG. 10 shown 

exploded therefrom; 

FIG. 12 is a side view of the assembly of FIG. 11 with the two wafers 

being applied to a portion of the first electronic device; 

FIG. 13 is a side view of the assembly of FIG. 12 showing the first 
15 electronic device soldered to the second electronic device and the two wafers having 
been removed from the assembly; 

FIG. 14 is a side view of another exemplary wafer according to the 
present invention with solder lengths being provided on both sides thereof; 

FIG. 15 is a side perspective view of a wafer according to another 

20 embodiment of the present invention; 

FIG. 16 is a cross section view taken along the line 16-16 of FIG. 15 ; 

FIG. 17 is a side elevation view of the wafer of FIG. 15 being used to 
electrically connect a first electronic device to a second electronic device; and 

FIG. 18 is a cross section side view of a connector according to another 
25 embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

hi one aspect, the present invention facilitates the process of soldering 
electrical terminals or contacts of one electronic device to a surface of a second 
30 electronic device using a solder-bearing wafer, hi one exemplary embodiment, the 
electrical contacts comprise conductive pins and the second electronic device 
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comprises a printed circuit board. Figs. 1 through 3 illustrate a method of forming a 
wafer according to a first embodiment of the present invention. 

Turning to Fig. 1, a wafer 100 is provided and is formed of any number 
of suitable material and preferably is formed of a non-conductive material. For 
5 example, the wafer 100 may be formed of a themioplastic material, themioset plastic, 
etc. The wafer 100 has pin holes 110 formed therethrough. It will be appreciated that 
pin hole 10 does not necessarily have to have an annular shape and pin hole 10 
generally comprises small holes formed in the wafer 10. The location and general 
spacing of pin holes 1 10 are determined by the location and spacing of pins of a first 

10 electronic device (Fig. 7) to be mounted onto a second electronic device, e.g., a 

printed circuit board (Fig. 7). It will therefore be appreciated that the pin holes 110 
may be arranged according to any number of patterns depending upon the number of 
pin holes 110 and the location thereof. In the embodiment sho\\ai in Fig. 1, the pin 
holes 110 are arranged in horizontal rows along a first axis and vertical columns along 

15 a second axis and are spaced a predetemiined distance apart from one another. The 
first axis extends generally across a length, L, of the wafer 100 and the second axis 
extends generally across a width, W, of the wafer 100. The first axis is thus 
preferably longer than the second axis. The pin holes 110, for example, are spaced a 
predetermined amoimt center-to-center along the first axis and a predetermined 

20 amount along the second axis to accommodate an electrical device having pins that 
are correspondingly spaced. 

Furthermore, the length and width of the wafer 100 generally conform 
to the length and width of the first electronic device to be mounted onto the second 
electronic de\^ice. The depth or thickness of the wafer 1 00 is preferably about 0.030 

25 inches. However, this measurement is merely for purpose of illustration. 

The pin holes 1 10 may be fomied through the wafer 100 using any of 
the methods kno\\Ti in the art, including, e.g., the use of a stamping die. Altematch-, 
the pin holes 1 10 can be fomied or molded during manufacture of the wafer 100. 

Turning to Fig. 2, therein is illustrated a side perspecti\'e \^ie\v of the 

30 wafer 1 00 where two pairs of the grooves 1 1 5 and 1 1 7 can be seen extending along 
the first axis of the wafer 100 on either side of each row of the pin holes 110. 
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Although the grooves 1 15 and 117 are shown as having a half-cylindrical shape, it is 
understood that the shape of the grooves 115 and 117 maybe any shape. Preferably, 
the shape of the grooves 115 and 117 conforms to the shape of a solder length 130 
(Fig. 4) which, as will be described more fully below, is to be inserted in each of the 

5 grooves 115 and 117. 

The grooves 1 1 5 and 1 17 are formed in the wafer 1 00 using any of the 
methods known in the art, including, e.g., the use of an etching or a stamping die. 
Altemately, the grooves 1 15 and 117 can be formed during manufacture of the wafer 
100. For example, the grooves 1 15 and 1 17 may be used during a molding process 
10 which is used to manufacture the wafer 100. The grooves 1 15 and 1 17 maybe formed 
on the wafer 100 before, during or after the placement of the pin holes 1 10. 

Turning to Fig. 3, therein is illustrated the wafer 100 having the 
through holes 120 located therethrough along the first axis so that at least one through 
hole 120 is located on either side of each pin hole 1 1 0. As is shown, each through 
1 5 hole 120 extends sufficiently along the second axis to encompass one of grooves 1 1 5 
and 117, respectively. The through holes 120 are formed on the wafer 100 using any 
of the methods described above for forming the pin holes 1 10 and the grooves 115 
and 117. 

According to the present invention, solder segments 135 are added to 
20 the wafer 1 00 for providing a solder material used to securely attach the first and 
second electronic devices to one another, as will be described hereinafter. Figs. 4 
through 6 illustrate the method of adding solder segments 135 to the wafer 100. 

Turning to Figs. 4, and 5 therein is illustrated the wafer 100 having 
solder lengths 130 placed in the grooves 115 and 117. The solder lengths 130 include 
25 any of the soldering compositions knowi in the art and are preferably shaped to be 
inserted form fittingly and securely within the grooves 1 1 5 and 1 17. hi other words, 
the solder lengths 1 30 preferably comprise elongated strips of solder material which 
are shaped complementary to the grooves 1 15 and 1 17. Accordingly, in the present 
example, as particularly illustrated and shown in Fig. 5, the solder lengths 130 are 
30 cylindrically shaped so as to fit securely within tlie half-cylindrical shaped grooves 
115 and 117 as in Fig. 2. 



w o in/(»22785 



PCT/l S(K»/26160 



9 

With continued reference to Fig. 4. it is shown that each pair of solder 
lengths 130 lie across a row of tlirough holes 120. In tliis w^ay, a press or stamp 
having dies shaped and spaced in confomiance wdth the shape and position of through 
holes 120 on wafer 100 is used to sever solder lengths 130 at each of the tlirough 
5 holes 120. 

Fig. 6 illustrates the w^afer 100 after the solder lengths 130 are severed 
as described above to fomi a plurality of solder segments 135. As is showTi, each pin 
hole 110 has one solder segment 135 located on either side of the pin hole 1 10. 
Because each solder segment 135 is held securely by the groove 1 15 or 1 17, the wafer 
10 1 00 can be held in any position required to conform to a particular manufacturing 

process or machinery being used (e.g., solder side facing-up, facing sideways, facing 
downward, etc.). 

Fig. 7 illustrates an electronic device 150 having pins 140 extending 
from a first surface 151 thereof The first electronic device 150 may comprise any 

15 number of suitable devices which are intended to be electrically connected to a second 
electronic device 160. For example and according to one exemplary embodiment, the 
first electronic device 150 comprises an electrical connector and the second electronic 
device 160 comprises a printed circuit board (tlirough hole type device). The pins 140 
comprise conductive pins which serve to establish an electrical connection between 

20 terminals (not show) of the first electronic device 150 and corresponding electronic 
components of the second electronic device 160. The pins 140 are placed into 
respective pin holes 1 10 of the wafer 100. As shown in Fig. 7, the wafer 100 is 
positioned such that the solder segments 135 face dowmvards. Solder segments 135 
are held in place by their fonn fitting interconnection with giooves 1 15 and 117. 

25 Once the first electronic device 1 50 and the pins 140 have been 

inserted a sufficient distance into the wafer 100 and the pin holes 110, the side of the 
wafer 100 having solder segments 135 exposed may be placed onto the second 
electronic device 160 having pin holes 1 10 confomiing to the spacing and size of the 
pin holes 1 10. The solder segments 135 are thereafter heated causing the solder 

30 segments 135 to reflow around the pins 140 and the pin holes 110 along with other 
surfaces of the second electronic device 160. As the solder segments 135 cool the 
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pins 140 are secured to the second electronic device 160 resulting in a secure 
electrical connection between the first and second electronic devices 150, 160. After 
the reheating and cooling of the solder segments 135, the wafer 100 remains soldered 
between the first electronic device 150 and the second electronic device 160. It being 
5 understood that the solder segments 1 35 are heated after the first and second 
electronic devices 150, 160 have been brought together. 

Referring now to Figs. 1 through 7. It will be appreciated that the 
provision of through holes 120 to permit the severing of solder lengths 130 also serves 
to define an amount of solder material around each of the pins 140. In other words, by 
10 providing two solder segments 135 adjacent to each of the pin holes 110, a defined 
amount of solder material is dedicated for the soldering of one pin 140 to a 
corresponding section of the second electronic device 160. The severing of the solder 
lengths 130 reduces the mass of solder material used in the solder operation which 
results in a decreased chance that a large soldered mass will resuU during the heating 
15 process. In addition, the severing of the solder lengths 130 also prevents adjacent 
contact sites from being starved. Li other words, often the heating of contacts is not 
uniform and one contact (pin 140) will be heated greater and actually draws solder 
material from one or more adjacent sites. This causes the one or more adjacent 
contacts to be starved of the solder material and results in ineffective soldering of 
20 these contacts. By placing a defined amount of solder material around each pin 140, 
the solder material is effectively divided into local segments which are used for the 
soldering of one respective pin 140. Accordingly, the heating process produces 
distinctly spaced, soldered masses around the pins 140 rather than a single large 
soldered mass and the solder starvation sites associated with conventional techniques 
25 are eliminated. 

The solder-bearing wafer 100 of the present mvention overcomes many 
of the deficiencies associated with the devices of the prior art. First, the wafer 100 has 
a relatively simple yet effective design. Because the solder carrier medium is a 
thermoplastic material, conductive material will not remain attached to the contacts 
30 (pins 140) after the solder segments 135 reflow. Second, themioplastic materials are 
typically less costly than the metal materials used to produce other soldering aid 
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devices. Third, this results in reduced manufacturing costs and as simphcity of the 
present in\^ention permits an operator to more easily and more quickly apply the wafer 
100 to the first electronic device 150. Fourth, the wafer 100 also provides increased 
solder volumes by forming the solder segments 135 v^^thin the grooves 1 15 and 117 
5 around the respective pins 140. This increase in solder volume provides more solder 
material for each solder joint fomied betv\^een the devices 150, 160, thereby improving 
the qualit>^ of each of the solder joints. Fifth, the present invention provides tighter 
lead spacing in that the contacts (pins 140) of the first electronic device 150 may be 
closer together than would have been possible if other solder aides were used. Sixth, 

10 the solder-bearing wafer 100 permits irregular solder patterns to be fomied thereon. 
This pennits the soldering segments 135 to be fomied on the wafer 100 at desired 
locations. Thus, the location of the solder segments 135 may be customized 
depending upon the specific appHcation and depending upon the configuration of one 
or more of the first and second electronic devices 150, 160, 

1 5 Different variations of the solder-bearing wafer 1 00 are possible 

depending on the particular application. For example, only a single solder length 1 30 
and single groove may be provided for each row of pin holes. Also, fewer or greater 
than two rows of pin holes 110 may be provided on wafer 1 00. Also, the tlirough 
holes 120 may not be necessary if the solder lengths 130 are segmented in a way 

20 which allows removal of the solder portions in between the desired segments, e.g., by 
way of a cutting and vacuum removal process. Further, the pin holes, through holes 
and grooves may take on any necessary shape depending on the particular application. 

It will be appreciated that the wafer 100 may be distributed in a number 
of fomis. For example, if the specifications of a given application are kno^\^l, the 

25 wafer 100 may be cut to have a desired length and width so that the wafer 100 is 

disposed between the first and second electronic devices 1 50, 160 without the wafer 
100 extending beyond either of the first or second electronic devices 150, 160. The 
wafer 1 00 may also be rolled onto reels and then distributed to a number of 
connector/electrical component manufacturers for retrofit to their existing or futiu-e 

30 products. The design of the wafer 100 therefore permits versatility in that it may not 
only be custom manufacmred for one specific application but it also pemiils the wafer 
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determined by a number of factors including the size of the pins 140 and also the 
amount of the solder material which is to be deposited around the pin 140. It will be 
appreciated that in this embodiment, the grooves 220 are not in the form of single 
continuous grooves but rather comprise a nmnber of spaced grooves 220 formed along 
5 a common axis with an ungrooved section 221 formed between adjacent grooves 220. 
The grooves 220 may be formed during the manufacture of the first coimector device 
200 or they may be formed by a subsequent operation, e.g., a stamping operation. 
Because the pins 140 act as conductive members, the first surface 202 of the first 
connector device 200 is preferably fomied of a non-conductive material, such as a 

10 themioplastic. This facilitates the fonnation of the grooves 220 as the grooves 220 
may be fomied in the first surface 202 during a molding process, or the hke, which is 
used to form the first connector device 200. 

After the grooves 220 are formed, the solder material is deposited 
therein so that a number of solder segments 135 are provided. The grooves 220 may 

15 be formed according to any number of known techniques. Each groove 220 defines 
one solder segment 135. As previously mentioned by forming tw^o opposing grooves 
220 around each pin 140, the amoimt of solder material for each pin 140 is generally 
defined as the amount of solder material being deposited within the two opposing 
grooves 220. By dividing the solder material into tw^o distinct solder segments 135 

20 around each pin 140, the likelihood that a single solid solder mass will resuU during 
reflowing of the solder material is reduced or eliminated as w^ell as the presence of 
solder star\^ation sites is likewise eliminated. Advantageously, the use of solder 
segments 135 pennits the proper amount of solder material to be delivered to each pin 
140 for the soldering of the pin 140 to the other electronic device, such as a printed 

25 circuit board. 

In this embodiment, the w afer 100 of Fig. 1 is not used but rather the 
solder holding features are incorporated directly into the design of the first coimector 
device 200. This simplifies the soldering operation by eliminating the use of the 

intennediate wafer 100. Instead, the first connector de\'ice 200 is directly mated with 
30 another electronic device, e.g., a tlirough-hole dcx'ice. which receives the pins 140 and 
winch are then soldered to the through hole devices. It will also be appreciated that 



PCT/l)S00/26U>() 



WO 01/022785 



14 



10 



15 



20 



device 200 has been described in terns of conteiiung pins 
while to firs, connector dev.ce .0 .^^^^ ^^^^ 

,^„dc— devic^^^^^^^^^^^ 

"^°''^"'1XtoH.9inwhich.wafe.— atoascconde— ^ 
,.e..en.i— dandsene.,.^^^ 

wafer 300 rs shown m F.gs. - 

materia,. ^="^";7^^^;3„,„,^, water 300. to the exemplary etnbodtaea, 
„ ,10. tortned . a firs. s«f^e^-o ^^^^^ ^^^^ ^ ^^^^ 

grooves 310 eompnse longrmdmal ^ may be any shape and in one 

wafer300.Thecross-sec«o„a,sh^o^.eSr^-^^^^^ 
e.e»pla^e™boai»e„.,eachgro^,ve3. hasa ^^^^^^^^^^^ 

:;ltr;or.o,dedd.n.thenrannfac..^^^^^ 
The wafer 300 also includes a pteahty of through h 

. „ 1-0 are formed at spaced locations along each 
d,e waf. 300. The throng holes 3.0 ar fo™ ^^^^ 

^.e310.h.otherworas«n.n^^l--^^^^^^^ 

3,o.AsshowninPig.9,so,deren^mj^^^^^ 

---'"f"t3«I-«am,e.thesolderlengthsl30are 

--^""'^"•"rlt sTlyluhinthehalf-cy^^^^^ 
-«"^-"^="^:''7, ;tnlarowof^ughholes320. htthisway.a 

^^"■-^'•^"t 1 ^realpacedinconformancewiththeshapeand 
press or stanrphavmgd,es shaped a p „ 3„,der lengths 

position of the tlrrou^ I'O-es 320 on the wafer 300 are 
130 at each of the through holes 320. 



25 



30 




wo 01/022785 PC T/l S<»0/26160 

15 

Fig. 10 illustrates the wafer 300 after the solder lengths 130 (Fig. 9) are 
severed as described above. As is shown, a number of spaced solder segments 135 are 
formed. More specifically, one solder segment 135 is formed on either side of one 
tlirough hole 320. The solder segments 135 are still securely fit within the grooves 
5 310 after the perfomiing the operation to fomi the solder segments 135. The solder 
segments 135 are thus axially aligned in rows extending along the length of the wafer 
300 with one through hole 320 being fomied betu^een next adjacent solder segments 
135. 

^^'^lile Fig. 9 show^s a pair of grooves 310 and solder lengths 130, it 
10 will be understood that the wafer 100 may contain a single groove 310 and solder 
length 130 or the wafer 100 may include more than tvvo grooves 310 and solder 
lengths 130. Furthemiore, while the wafer 300 shown in Fig. 10, has solder segments 
135 fonned in a staggered pattern, it will be understood that the solder segments 135 
may be axially ahgned with one another in columns as shoAvn in Fig. 11. 
1 5 The formation of tlirough holes 320 within the wafer 300 and the 

subsequent severing of the solder length 130 to form the solder segments 135 serve to 
define the amount of solder material in each of the solder segments 135. By limiting 
the solder material to distinct solder segments 135, the likelihood that a single solid 
solder mass will result during reflowing of the solder material is reduced or 
20 eliminated. In contrast, each of the specific points of contact between the first and 

second electronic devices (not show^n) may be provided wdth a predefined anioimt of 
solder material. 

Fig. 1 1 is a partially exploded side view showing a first electronic 
device 330 and a second electronic device 340. One exemplary' first electronic device 

25 330 comprises a comiector and more particularly, the illustrated first electronic device 
330 comprises a connector which is commonly refeiTed to as a straddle mount device. 
The device 330 has a base portion 332 and a pluraHty of contacts 334 extending 
therefrom. The contacts 334 serve to provide an electrical connection ber^veen the 
first electronic device 330 and the second electronic device 340. In the illustrated 

30 embodiment, the contacts 334 comprise a number of elongated finger-like members 
which extend outwardly fi-om the base portion 332. T\pically, the contacts 334 are 
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seats against an outer surface 335 of one contact 334 and provides solder material for 
the soldering of the each contact 334 to one contact pad 350. hi the illustrated 
embodiment, two solder segments 135 are provided for each contact 334. These tw^o 
solder segments 135 when heated ser\'e to solder one contact 334 to one contact pad 
5 350. As with the other embodiments, by dividing the solder length 130 into solder 
segments 135, the amount of the solder material which is applied for the soldering of 
one contact 334 to one contact pad 350 may be controlled. This reduces or eliminates 
the risk of having a single solder mass form and extend across the surfaces of the frrst 
and second electronic devices 330, 340. 

10 Because the contacts 334 are preferably formed of a solderable 

material, the heat applied by the solder segments 135 and the reflowing action of the 
solder segments 135 themselves provide an effective solder connection between the 
contact 334 and the contact pad 350. This results in a secure electrical comiection 
being formed between the first electronic device 330 and the second electronic device 

15 340. Depending upon the specific apphcation, the wafer 300 may or may not be 
removed from the first electronic device 330 during or after the reflowing of the 
solder material. Fig. 13 illustrates the instance where the wafer 300 has been removed 
leaving behind the contacts 334 securely soldered to the respective contact pads 350. 

While the embodiment shown in Figs. 9 through 13 illustrates the 

20 wafer 300 separate from the first electronic device 330, it is within the scope of the 

present invention that the first electronic device 330 may be designed so that the wafer 
300 is incorporated therein or coupled thereto prior to attachment to the second 
electronic device 360 , In one embodiment, the first electronic device 330, e.g., a 
straddle mount connector, is directly attaclied to the second electronic device 340 

25 without using a separate wafer 300. Instead the first electronic device 330 has the 
wafer 300 fomied as part thereof with each contact 334 having one more associated 
solder segments 135. The first and second electronic devices 330, 340 arc securely 
attached to one another by simply inserting the second electronic device 340 between 
the contacts 334 so that the contacts 334 seat against the conducii\'e pads 350 of the 

30 second electronic device 340. Heating action on the solder segments 135 causes 
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300 with the one difference being that the solder material is applied to both sides of 
the wafer 400. Thus, grooves 3 1 0 are formed on both sides of the wafer 400 so that 
solder segments 135 may be formed on both sides. This type of wafer 400 may be 
used to solder planar pads of one electronic device, such as a printed circuit board, or 
5 a ceramic wafer (not shown) to planar pads of another electronic device or other 

ceramic wafer (not show^n). It is intended that the w^afer 400 may be used in any t>pe 
of connector environment where a surface mount connector is particularly suited for 
use. 

Turning now to Figs. 15 through 1 7 in which yet anotlier wafer 

10 according to another embodiment is shown and generally indicated at 500. As with 
the wafers of the other embodiments, the w^afer 500 is preferably formed of a non- 
conductive material, such as a thermoset plastic or thermoplastic. In this embodiment, 
the wafer 500 is intended to be used in ball grid array type applications where a first 
generally planar electronic device 510 is electrically connected to a second generally 

15 planar electronic device 520. In one embodiment, the first generally planar electronic 
device 510 has at least one first contact 512 and the second electi'onic device 520 has 
at least one second contact 522. The first contact 512 may be in the form of a planar 
contact pad or the like or may be a solder ball in the case of a ball grid array type 
package. Similarly, the at least one second contact 522 may be in the fomi of a planar 

20 contact pad or the like or may be a solder ball. As is known, solder ball grid array 
type devices have a pluralit>' of solder balls formed on a planar surface where each 
solder ball is associated wdth one contact temiinal. The solder ball is then heated after 
the tw^o electronic devices are positioned relative to one another to cause reflowing of 
the solder material to provide an electrical connection between the tw^o contacts 512, 

25 522, 

Fig. 15 shows the wafer 500 in partial view. The wafer 500 generally 
includes a first end 502 and an opposing second end (not shown) along with a first 
side 504 and an opposing second side 506. The wafer 500 has one or more solder 
segments 530 disposed witlain the wafer 500 according to a predetemiined pattern. 
30 Generally, there will be at least one solder segment 530 for each pair of electrical 

contacts 512, 522. In other words, one or more solder segments 530 are used to solder 
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.he one of the firs. contaCs 512 .o one of the second oontacU 522 andprovde a. 
eleottioa, com,ec<io„ teebe.wee„. In the exemplar embodtaen. shown m F,g^ 15. 
each solde. segmen. 530 is f,.,ed in.o a solder opening 540 formed in fl.e wafer 00. 
The solder opening 540 exlends completely through .he wafer 500 so that *e solder 

5 segmentSSOpreferablyextendsbeyondbothafirstsnrfaceJOl and a second surface 
503 asbestshowninFig.16. This permits one solder sepnent 530.O be used to 
provide a solder comtection beween *e first surface 501 and the fir., electromc 
devce 510 and the second surfece 503 and the second electromc device 520. 

The wafer 500 also has a plurality of through holes 550 formed fherem. 

10 Thethroughholes550area.angeda„dformedinthewafer500suchtotone 

tough hole 550 intersecs one end of the solder opening 540 and another through 
hole 550 is fomred at the opposite end of the solder opemng 540 in an interseotmg 
manner. Accordingly, tite solder opening 540 opens into one .teough hole 550 at one 
end and the opposmg through hole 550 at the Cher end. In one exemplary 
, 5 embodiment, each throu* hole 550 has a first axis extending along a length thereof 
^d each solder opening 540 has a second axis extending along a length thereof. In 
,be illustrated enrbodiment, the first and second axes are substantially perpendtcular to 
oneanother. Each firs, axis is substantially parallel to the first end 502 and 
substantially perpendicular .o the first and second sides 504, 506, respectively. Each 
20 second axis is therefore substantially parallel to the first and second sides 504, 506 
and substantially perpendicular to the fnst end 502. 

Because the solder opening 540 extends between two spaced through 
holes 550, opposing platfonns 560 ar. formal and partially defined by the solder 
opening 540 and the throughholes 550. Fig. 16 is a cross section view taken along a 
25 line 16-16 of Fig. 15 winch cuts through fl,e platforms 560. Thus, it w,ll be 

appreciated that the edges otthe platforms 560 serve to retain and hold the solder 
segment 530 therebeWeen within the solder opening 540. This designpermits a 
single solder segment 530 (o be used to provide a solder comtecfion at opposmg 
surfaces 501 503 of the wafer 500. It will be appreciated U,at the number of solder 
30 segments 530 used and therefore the number of solder openings 540 and tteough 
holes 550 which are fomred in the wafer 500 will typically depend upon the g,ven 
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application. More specifically and according to one embodiment, one solder segment 
530 is used to provide both a solder and electrical connection betw^een one first 
contact 512 and one second contact 522. Thus, if there are a multitude of first and 
second contacts 512, 522 provided on the respective first and second electronic 
5 devices 510. 520, there were will be a corresponding number of solder segments 530. 

Fig. 1 7 illustrates the use of the wafer 500 in electrically connecting the 
first and second electronic devices 510, 520. Preferably, the dimensions of the wafer 
500 are such that the wafer 500 is conveniently disposed between the first and second 
electronic devices 510, 520 without extending therebeyond. After disposing the wafer 

10 500 between the first and second devices and aligning the first and second contacts 

512, 522 relative to one another and then aUgning each solder segment 530 relative to 
the first and second contacts 512, 522 such that the each solder segment 530 is in 
contact with or proximate to both of the first and second contacts 512, 522, the solder 
segments 530 are heated by known techniques. The heating of the solder material 

15 causes the solder material to reflow over both the first and second contacts 512, 522. 
Because the solder material comprises a conductive material, an electrical connection 
is provided from the first electrical device 510 to the second electrical device 520 
through the first and second contacts 512, 522. 

As with the other embodiments, the formation of the through holes 550 

20 ser\'es to define distinct segments of solder material which are used in the solder and 
electrical connection of one first contact 512 to one second contact 522. As 
previously-mentioned, tliis advantageously prevents a single mass of solder material 
fi*om being formed during the solder operation and also prevents solder star\^ation 
sites ft'om fomiing witliin the wafer 500. 

25 The wafer 500 thus provides an attractive method of electrically 

connecting a first planar device (e.g., device 510) to a second planar device (e.g., 
device 520) where the wafer 500 is designed to be sandwiched between these devices 
510, 520 yet at the same time provide electrical connections benveen corresponding 
electrical contacts. Not only does wafer 500 find particular utility in ball grid array 

30 t\pe applications but also in applications where one planar printed circuit board is 

electrically connected to another printed circuit board. It will be appreciated that the 
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shapes and sizes of the solder segments 530, the solder opening 540, and the through 
holes 550 may vary according to the given application and are not critical to the 
practice of the present invention. Broadly, the wafer 500 comprises a member in 
which a single solder segmei.t disposed therein serves to electrically coimect the first 
5 device 510 disposed against the first surface 501 of the wafer to the second device 520 
disposed against the second surface 503. 

Turning now to Fig. 1 8 in which yet another embodiment of the 
present invention is illustrated. In the embodiment of Fig. 18, the solder-bearing 
features of the wafer 500 are incorporated into the first electronic device 510. A 
10 solder-bearing member 511 forms a part of the first electronic device 510 such that 
one or more solder segn.ents 530 are aligned with one first contact 512 of the first 
electronic device 510. Similar to the wafer 500, the solder segments 530 are disposed 
withha solder openings 540 and extend completely through the solder-bearing member 
5 1 1 so as to be accessible to both opposing surfaces of the solder-bearing member 
15 5 11 It will be appreciated that the solder-bearing member 5 1 1 may be a separate 

„.ember such as the wafer 500 which is securely attached to the first electronic device 
510 orthe solder-bearing member 511 maybe integrally formed with the first 
electronic device 510. M both instances, the solder-bearing member 511 is preferably 
formed of a non-conductive material, such as a thermoplastic or thermoset plastic. 

In this embodiment, the one or more solder segments 530 provide an 
electrical pathway to one first contact 512. Each solder segment 530 includes a first 
portion 517 which is disposed in intonate contact with or proximate to the first contact 
512 and a second portion 519 which is fomied on the opposite side of the solder- 
bearing member 511. The second portion 519 is thus designed for positiomng relative 
.5 to the second contact 522 to form an electrical and solder comiection therewith upon 
heating. By depositing one or more solder segments 530 over each first contact 512, 
the first electronic device 510 maybe easily electrically comiected to the second 
electronic device 520 by positioning the first electronic device 510 relative to the 
second electromc device 520 such that the second portions 519 are aligned with the 
30 second contacts 522. The second portions 519 may be in intimate contact with or 
proximate to the second contacts 522 when the first and second electronic devices 
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510, 520 are positioned and coupled to one another. Upon heating, the solder 
segments 530 reflovv and provide the desired electrical connection between the first 
and second contacts 512, 522. More specifically, the first portion 517 reflows over 
the first contact 512 and the second portion 519 reflows over the second contact 522. 
5 Various embodiments of the present invention thus provides a wafer 

designed to carry solder material, whereupon heating and placement of the w^afer 
relative to the first and second electronic devices, the solder material acts to securely 
attach a first contact of the first electronic device to a second contact of the second 
electronic device. Advantageously, the wafer may be used in a variety of settings 

10 including through hole electronic devices and also surface mount applications. The 
wafer has a simple yet effective design with increased application potential relative to 
conventional cormecting devices. 

Although a preferred embodiment has been disclosed for illustrative 
purposes, those skilled in the art will appreciate that many additions, modifications 

15 and substitutions are possible without departing firom the scope and spirit of the 
invention. 



wo 01/022785 



PCT/l)S00/2f»160 



24 

WHATTS ri ATMEDIS. 

1 1 . A solder-bearing wafer for use in electrically connecting at 

2 least one first contact of a first electronic device with at least one second contact of a 

3 second electronic device, the wafer comprising: 

4 a substrate body having a first surface and an opposing second surface, 

5 the first surface having at least one groove formed therein, the substrate body for 

6 placement between the first and second electronic devices; and 

7 at least one length of solder material disposed within the at least one 

8 groove, whereupon heating of the at least length of solder material and placement of 

9 tlie substrate body between the first and second electronic devices causes the at least 

10 one first contact to be securely and electrically comiected to the at least one second 

1 1 contact. 



1 

2 



2. The solder-bearing wafer as in claim 1 , wherem the second 
electronic device comprises a through hole device having at least one first opening for 



1 
2 

3 receivmg the at least one first contact which is in the form of a conductive pin, the 

4 substrate body having at least one second opening for receiving the at least one first 

5 contact, the at least one length of solder material disposed adjacent the at least one 

6 second opening. 



3. The solder-bearing wafer as in claim 1 , wherein the second 
surface includes at least one second groove formed therein and at least one second 



3 length of solder material is disposed within the at least one second groove. 



1 4. The solder-bearing wafer as in claim 1 , wherein the at least one 

2 length of solder material is partitioned into a pluraUty of solder segments, each solder 

3 segment for electrically connecting one first contact to one second contact. 
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1 5. The solder-bearing wafer as in claim 4, wherein the 

2 substrate body has a plurality of through holes formed theretlirough within the at least 

3 one groove, each solder segment disposed between adjacent through holes. 

1 6, The solder-bearing wafer as in claim 1 , wherein the substrate 

2 body 

3 is fonned of a non-conductive material, 

1 7. A solder-bearing wafer for use with a tlirough hole device, the 

2 wafer comprising: 

3 a substrate body having a first surface and an opposing second surface; 

4 a plurality of first openings formed through the substrate body for 

5 receiving first electrical contacts of a first electronic device; and 

6 a plurality of segments of solder material coupled to the first surface of 

7 the substrate body, each first opening having one or more solder segments disposed 

S thereabout for forming a solder connection between the first electrical contacts of the 

9 first electronic device and the tlirough hole device when the solder segments are 

10 heated. 

1 8. The solder-bearing wafer as in claim 7, w^herein the first 

2 openings are formed in longitudinal rows along a length of the substrate body. 

1 9. The solder-bearing wafer as in claim 7, further including: 

2 a pluralir\' of through holes fomied in the substrate body, the plurality 

3 of tlirough holes being arranged on the substrate body so that the through holes are 

4 aiTanged in rows with at least one through hole being fomied on either side of each 

5 pin hole. 
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1 10. The solder-bearing wafer as in claim 7, further including a 

2 plurality of grooves formed in the first surface of the substrate body, each groove 

3 having a cross-section which is complementary to a cross-section of the solder 

4 segment so that each solder segment is securely and intimately fitted within one 

5 groove. 



1 
0 



11. The solder-bearing wafer as in claim 1 0, wherein each 
groove extends longitudinally across the substrate body, the groove having an amiular 
3 cross-section. 

1 12. The solder-bearing wafer as in claim 10, wherein a pair of the 

2 gi-ooves are fomied on either side of a row containing a pluraUty of the first openings 

3 which ai-e formed along a common axis. 



1 
2 
3 



13. The solder-bearing wafer as in claim 10, ftuther including: 
a pluraUty of through holes formed in the substrate body, the plurality 
of through holes being arranged on the substrate body so that along a furst axis 

4 containing a row of through holes at least one through hole is formed on either side of 

5 each first opening, each through hole extending sufficiently along a second axis so as 

6 to encompass one or more of the grooves. 

1 14. The solder-bearing wafer as in claim 13, wherein two 

2 through holes are formed surroundmg one first opening. 

1 15. The solder-bearing wafer as in claim 13, wherein the second 

2 axis is substantially perpendicular to the first axis. 



1 
3 



16. The solder-bearing wafer as in claim 13, wherein the 
througli holes divide each groove into a plurality of groove segments, each groove 
segment extending between a pair of tlirough holes. 
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1 17. The solder-bearing wafer as in claim 13, wherein one solder 

2 segment is disposed within one of the gi*oove seginents. 

1 1 8. The solder-bearing wafer as in claim 7, wherein the substrate 

2 body is formed of a non-conductive material. 

1 1 9. A solder-bearing wafer for use with a thi'ougli hole device, 

2 the wafer comprising: 

3 a substrate body having a first surface and an opposing second surface; 

4 a plurality of first openings formed tlirough the substrate body for 

5 receiving first electrical contacts of a first electronic device; 

6 a plurality of grooves formed in the substrate body such that the first 

7 opening has a first groove formed on a first side thereof and a second groove formed 
S on a second side thereof; 

9 a pluralitj^ of through holes formed in the substrate body, the through 

1 0 holes being spaced so that each tlirough hole intersects the first and second grooves 

1 1 with one first opening being formed between tw^o adjacent tlirough holes, the trough 

12 holes serving to partition the groove into groove segments; and 

13 a plurality of segments of solder material, each solder segment 

14 disposed witliin one groove segment so that each first opening has one solder segment 

15 proximate to the first side thereof and another solder segment proximate to the second 

16 side thereof for forming a solder comiection bet\\'een the first electrical contacts of the 

17 first electronic device and the tlirough hole device. 
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2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

1 

3 
4 
5 



20 An electf cal comeotor for dectrioal connection to a second 
e.cc.ro,.c dev,ce having a. .ca^ one second contact, the electrical connector 
""'^ .hodyhavin,art.ts«faceinc,ud,nga.,eastonefirs.con.ac.,.he 
hody having a. .east one groove foxnred in the Erst surface proxintate the a. leas, one 

'""""'■'lleas.oneleng.ofsoldernr.eHalretaininslydisposedwi.h.nd.ea. 
,,,„„e^oove,.he,irst surface forplacenrentasainstdtesecond e.....^^^^^^ 

such that the firs, and second contacts are aU^ed and whereupon heatrng of ^e a, 
leastlength of solder material, .he first and secondcontacts are securely attached to 

one anoater and tomi an electtical pathway there betv,een. 

21 The elccttical connecor of claim 20, wherein the body includes 
apluralityofpamtiened grooves, each ^ooverece-vingonelengthofsoldernrat^al, 

C-iL'^°vesheh.sfornredsothatoneflrs.co„.ac.isfo,nre.he^eent„o 
grooves so*a.*e solder ma.erial disposed wiftin the two grooves .used for 
electrically the one first contact to one second conUct 

„ The electrical connecU>r of claim 20, wh^ein ,he first contact 
comprises a contact selected 6om the group consisting of a pin contact and a planar 

contact. 

,3 A solder-bearing wafer for use m clecmcally connecting at leas, 
one first con«; of a first electronic device to a. leas, one second con.ac. of a second 
electtonic device, ttie wafer comprising; „„„h surface- 

a substtate body having a firs, surfece and an opposrng second surface. 

a, leas, one segmen. of solder malerial re.ainingly disposed wiftin a 

solder opening formed in .he subs^ate body, the a. least one solder segnrent be,ng 
accessibUom both d,e firs, and seco,,d sm faces of .he subs.a.e body, dresu^^e 

body for posi.ioni,.g beiween *e firs, and second elecromc devrces such .ha. .he 



1 

2 
3 
4 
5 
6 
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8 
9 
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10 least one solder segment provides a soldered electrical connection bet\\^een the at least 

11 one first contact and the least one second contact upon heating of the at least one 

12 solder segment. 

1 24. The wafer as in claim 23, wherein the first and second 

2 electronic devices each comprise a substantially planar electronic device and the first 

3 and second surfaces of the substrate body are substantially planar. 

1 25. The wafer as in claim 23, further including: 

2 a plurality of through holes formed in the substrate body, each solder 

3 opening extending between two spaced through holes such that the solder opening 

4 opens into each of the through holes. 

1 26. The wafer as in claim 23, wherein each of the first and second 

2 electronic devices comprises a device selected from the group consisting of a ball grid 

3 array type device and a printed circuit board. 

1 27. The wafer as in claim 23, wherein each of the first and second 

2 contacts comprises a contact selected from the group consisting of a planar contact 

3 and a solder ball. 

1 28. The wafer as in claim 23, wherein the substrate body is formed 

2 of a non-conductive material. 

1 29. A method of electrically connecting a first contact of a first 

2 electronic device to a second contact of a second electronic device, the method 

3 comprising: 

4 providing a wafer having a first surface and an opposing second 

5 surface; 

6 forming at least one groove within the first surface: 

7 disposing a length of solder material within the at least one groove so 
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tt^.heleng.hofsolder™ateriaHsre.ained™toth.atleas.one^ove; 

posiUoring the firs, electmnic device relative to Are wafer so that the 
length of solder material is aUgiied with the first contact; 

positioning the second electronrc device relative to the wafer and the 
first electronic device so that first ^ se^nd contacts are ah^ed with the wafer 

being positioned therebetween; and 

heating the length of solder tnaterial so that a secure solder co„nect,on 
and electricalpathwayarefonnedbetweenthe first contact and the second contact 



1 

2 
3 
4 

1 

2 

3 

4 

5 



30. 



The method as in claim 29, further including: 
forming at least one fxrst opening mthin the wafer for receiving the 
f.. contact, whereinthe second electromcdev.ce includes at least one throughh^ 

for receiving the first contact. 



31 The method as in claim 29, further including: 
partitioning the length of solder material into a plurahty of solder 
at least one through hole within the wafer, the at least one 
throu^^holeatleastpartially encompassing the atleast one ^oove so thatthelength 

of solder material disposed therein is partitioned. 



segments by forming ; 



1 

2 
3 
4 
5 

6 
7 
8 



32 The method as in claim 31, further including: 

forming a second groove substantially parallel to the at least one 

groove, the second groove containing a second length of solder matenal, the at least 
onethroughholecomprisingapluralityofthroughholesextendn.gbetweenandat 

least partially encompassing the first and second grooves suchthat^e first and second 
len^hsofsolder material arepartitionedintoapluralityofsolder segments, each first 

contact being electncally connected to one second contact byatleast two solder 

semients. 
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